PCT/GB 2004 / 0 0 U 6 6 0 




I Office | 





INVESTOR IN PEOPLE 



The Patent Office 
Concept House 
Cardiff Road 
Newport 
South Wales 
NPli 



REC'D 1 7 NOV 2004 



WIPO 



PCT 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p. I.e. , 
pic, P.L.C. or PLC. 



Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 




Q 8 




Signed 



Dated 18 October 2004 



PRIORITY DOCUMENT 

SUBMITTED OR TRANSMITTED IN 
COMPLIANCE WITH 
RULE 17.1(a) OR (b) 



BEST AVAILABLE COPY 




Patents Form WW 



Futenh Act 1977 
(Rule 16) 



Request for 



THE PATENT OFFICE L^py^ 

SN I Office 

1 0 NOV 2003 

REC EIVED BY F AX 

Jpmit Of a patent 



10N0M03 ES50545-1 D02813. 
POI/7700 0«00-032606L9 





(Sec ihc nntej on the back of thh form* You can also get an 
explanatory leaflet from tht Patau O&ct to htlp you fiU In 
thus form) 



2. 



3. 



4. 
5. 



8. 



Tht Patent Office 

Cardiff Road 
Newport 
South Wales 
NP108QQ 




Your Reference 



Patent Application number 

(The Patent Office will fill in this part) 



P58923V-GB 

0326061 .9 



Full name, address and postcode of the or r- pr^i 
applicant (underline ail surnames) 



Patents ADP Number (if you knew it) 

If the applicant is a corporate body, give the 
countr y/state of its incorporatio n 

Title of the invention 



Name of your agent (if you have one) 

"Address for service* 1 in the United Kingdom 
to which all correspondence should be sent 
(Including the postcode) 



The BOC Group p\c 
Cherfeey Road 
WIndlesham 
Surrey 
GU20 6HJ 

United Kingdom 
Improvements In Screw Pumps 
FRY HEATH & SPENCE LLP 

m 

The Gables 
Massetis Road 
Horley 
Surrey 
RH67DQ 
Unfted Kingdom 



Patents ADP Number (if you know it) 



Q S00D27300 1 



6. If you are declaring priority from one or more 
earlier patent applications, give the country 
and the date of tiling of the or each of these 
earlier applications and (if you know it) the or 
each application number. 


Country Priority application 

number 
Of you know it) 


Date of filing 
(day / month /year) 


7. If this application is divided or otherwise 
derived from an earlier UK application, 
give the number and the filing date of 
the earlier application. 


Number of earlier application 


Date of filing 
(day /month /year) 



Is a statement of inventorship and of right 
to grant of a patent required in support of 
this request? (Answer Tes' (p 

a) any applicant named in part 3 is not an 
inventor; or 

b) there is an inventor who is not named as an 

c) applicant, or 

d) any named applicant is a corporate body 
(See note (d)) 



Yes 



Patents Form 1/77 



9. 



Enter the number of sheets for any of the 
following items you are filing with, this form. 
Do not count copies of the same document. 

Continuation sheets of this form 0 



Descri 



6 



10. 



Cteimft 2 

Abstract 1 
Drawing^) 3 

If you are also filing any of the following, 
state how many against each item. 

Priority documents 0 
Translations of priority documents 0 




Statement of inventorship and right 
to grant of a patent (Patents Form 7/77) 

Request for preliminary examination 
and search (Patents farm 9/77) 



0 
1 



Request for substautrvMxamination. 

(Parents form 20/77) 



Any other docu 
ileasc s 



Mi-nit 




11. 



I/We request the grant of a patent on the basis of this 



12. 



Name and daytime telephone number of 
person to contact in the United Kingdom 



Signature iT r 
Victoria J Towasend - 01293 776680 



Date 



10 November 2003 



Warning 

Unnecessary to prohibit or restrict your invention in this way. Furthermore, tfyouUve in the United B*8d°m> ~ %jr 

nHJZ. JTior? \Zn, fitiL oraoDtrins for a patent abroad without first getting written permission from the Patent Office 
r^lSr^L^ Tltr/lJ^re^d in the United Kingdom for a^Mthes™ invention and 
either no direction prohibiting publication or communication has been 8 hen, or any eucnairccw*- «~»,™ 



Notes 

b) 
c) 



d) 
e) 



ffyou need help to fill in this form or you have any questions, please contact the Patent Office on 0645500505. 
Write your answers in capital letters using black Ink or you may type than. 

ff there Is not enough space for all the relevant details on any part of this form, please ^fime ™J*V™%#*" * paper 
IZZiL ""e^Xurion sheet" in the relevant part(s). Any continuation sheet should be attached to this form. 

jf you. have answered 'Yes' Patents Pom 7177 wUl need ft? be filed. 
Once you have filled in the form you must remember to sign and date It. 
For details of the fie and ways to pay please contact the Patent Office. 



1U/JLJ. 03 10:34 KAA Ui.ZJ#3 YVOOOI 





IMPROVEMENTS ZN SCREW PUMPS 



This Invention relates to screw pumps, more specifically to screw 
pumps with tapered screw mechanisms and which are typically used In 
vacuum applications. The Invention Is directed to Improvements In the 
operational efficiency of the aforementioned pumps. 

Screw pumps are widely used in Industrial processes to provide a 
clean and/or low pressure environment for the manufacture of products. 
Applications Include the pharmaceutical and semi-conductor 
manufacturing Industries. A typical screw pump mechanism comprises two 
spaced parallel shafts each carrying externally threaded rotors, the shafts 
being mounted In a pump body such that the threads of the rotors 
Intermesh. Close tolerances between the rotor threads at the points of 
intermeshtng and with the internal surface of the pump body (which acts 
as a stator), causes volumes of gas entering at an Inlet to be trapped 
between the threads of the rotors and the internal surface and thereby 

m 

urged towards an outlet of the pump as the rotors rotate. 

Various adaptations of the basic screw pump mechanism are 
known, for example, there exist screw pumps with variable pitch screw 
threads and/or mechanisms wherein the height (or outside diameter) of 
the screw thread tapers decreasingiy In a direction from the pump Inlet to 
the exhaust of the pump. In the latter case, the rotors are mounted In a 
tapering bore of the stator. 

It is desirable when operating a screw pump to achieve a desired 
pressure ("ultimate pressure") which Is typically significantly below 
atmospheric pressure, that the input power needed to operate the pump 
is minimised. The size of the pump exhaust volume has a considerable 
effect on the input power needed to operate a pump at ultimate pressure. 
The Input power can be maintained low by inbullding a high volume ratio 
between the inlet volume and the exhaust volume of the pump. A 
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disadvantage of this arrangement is that as the Inlet pressure of the pump 
increases towards atmospheric pressure, there is a significant Increase in 
the input power requirements of the pump. 

In the prior art, high pump Inlet pressures have been avoided by 
Inclusion of a blow-off valve within the pump which can be activated to 
release pressure and prevent build up of excessive pressure in the pump. 
In some situations, the performance of these valves can be adversely 
affected by build up of process media on or near sealing surfaces, 
reducing the efficiency with which pressure build up can be relieved. 

The present invention aims to provide an alternative and more 

- reliable .means for reducing the power Input -requirements of a ^crew - 

pump. 

In accordance with the present Invention, there Is provided a screw 
pump comprising a pair of rotors each carrying an external screw thread, 
the pair of rotors rotatably mounted in a stator by rotatably mounting 
means and arranged such that, In operation, the screw threads of the 
rotors intermesh as the rotors rotate In opposing directions and 
characterised by means for effecting or resisting axial movement of the 
rotors In response to an axial load generated in the rotors during 
operation of the pump. 

When in operation, internal pressure within a pump produces an 
axial thrust load In the rotor, this thrust load is proportional to the amount 
of gas compression work being performed by the pump and hence the 
Input power requirements of the pump. The efficiency of gas compression 
of a screw pump ls f to a large extent dictated by the clearance between 
the internal surface of the stator which carries the screw threaded rotors 
and the rotors themselves. Where the rotors are tapered, they may be 
moved both simultaneously and synchronously away from the stator face 
effectively Increasing the radial clearance, reducing the compression and 
hence the power Input requirements. 
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The means for rotatably mounting the rotors In the stator may 
conveniently comprise rotary bearings which carry a shaft extending from 
or passing through a rotor. The means for effecting or resisting axial 
movement may include a housing In which the rotary bearings are free to 
move in an axial direction and a spring mechanism arranged with respect 
to the rotor such that, when the rotor Is subjected to an axial load, the 
spring mechanism compresses or extends causing an axial reactive load In 
the rotor. For example, the spring mechanism may comprise a setting 
spring positioned In a housing between rotary bearings of the rotatably 
mounting means and an end surface of the housing. When an axial load 
generated In a rotor tends to cause axial displacement of the rotor and 
bearing assembly, the spring may be compressed or extended (depending 
on its position). Assuming the load does not exceed the elastic limit of the 
spring, the spring will react to vary the axial position of the rotor. By 
selecting a spring with a suitable spring constant, the arrangement can be 
used to vary the rotor/stator clearance giving a relatively constant level of 
gas compression work over a wide range of Inlet pressures, thereby 
moderating the power Input requirements of the pump. 

As an alternative to a spring type mechanism, a piston 
arrangement may be employed, the piston arrangement being actuated 
by a control device which Is responsive to the input power and resulting 
axial load to cause the piston to actuate so as to reposition or maintain 
position of the rotor. The control device may also be used actively to 
move the rotors closer to the stator surface with the rotors In operation to 
scrape off process media build up on the stator surface. 

Optionally, the means for effecting axial movement for each rotor are 
connected so as to ensure both rotors are maintained In the same axial 
position. 
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In another option, the means for effecting or resisting axial 
movement may be configured so as to permit relative axial movement 
between the rotors, typically such relative movement will be within the 
limits of rotor contact and might be used with the rotors In operation to 
scrape off process media build up on the flanks of the screw threads of 
the rotors. The latter can be achieved using Independent means- for 
effecting or resisting axial movement on each rotor # for example the 
piston arrangement previously mentioned. An associated control device 
may be configured to actuate the pistons Independently of one another. 

For the purposes of exemplification, some embodiments of the 

Invention^ will now _ be further, described with, reference to. the following 

Figures In which: 

Figure 1 to 4 show a first embodiment of a screw pump In 
accordance with the Invention In four different views- 
Figures 5 to 7 show in more detail, the means for effecting axial 
movement of the rotors in the embodiment of Figure 1 

Figures 2 and 3 show respectively side and top views of a screw 
pump of the Invention. Figure 1 shows a section through the plane B-B 
marked In Figure 2 and Figure 4 shows a section through the plane A-A 

uiai ivcu in nyuic ^. 

Many of the components of the screw pump of the Invention are 
known from the prior art, these Include the stator, the pair of screw 
threaded rotors 2a, 2b, the drive mechanism 3 and motor 4 which powers 
the drive mechanism 3, and the bearings 5a, Sb by means of which the 
shafts of the rotors 2a, 2b are rotatably mounted. 
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The novel features Include the arrangement of angular bearings 6a, 
6b, sifdably mounted In cylinder housings 7a, 7b and the springs 8a, 8b 
sited between the angular bearing arrangements 6a, 6b and an end 
surface of the cylinder housings 7a, 7b, The cylinder housings 7a and 7b 
are fastened to the rotors 2a, 2b and are connected to each other by 
connecting arm 9. The arrangement of the novel features are shown more 
clearly In Figures 5 to 7. 

As can be seen from Figures 5 to 7, the means for rotatably 
mounting the rotors and means for effecting or resisting axial movement 
Include a pair of angular contact bearings 6', 6" arranged In a back to 
back configuration to maintain the lateral position of the rotors 2a, 2b 
with respect to the stator 1 whilst allowing axial movement of the rotor 
shaft passing through the bearings and rotation of the rotor shaft about 
its longitudinal axis- The bearings 6', 6 f/ are housed In the cylindrical 
housing 7. A small clearance is provided between the bearings 6', 6" and 
the Inner, circular surface of cylinder 7. The cylinder housing 7 has a 
small radial clearance with the stator body which allows the whole 
assembly to be moved back and forward to fix the initial radial clearance 
in the pump during build. This Is achieved by placing shear material 
between the stator body and the clamping flange 10. 

The bearings 6 f , 6" can be assembled into the cartridge 14 together 
with a spacer ring 13 and a spring 8 and clamped such that the preload on 
the spring 8 can be set for the running load condition (and Input power of 
the pump) that the rotors 2a, 2b are required to move to Increase the 
radial gap between the rotor and stator. A front face 11 of the cylindrical 
housing 7 extends radially inwardly towards the collar 12 which forms part 
of an assembly for fastening the cylindrical housing 7 to the shaft of a 
rotor 2a or 2b. The spring 8 is contained by the spacer ring 13 positioned 
between the spring 8 and bearing assembly 6', 6". A flange 10 Is provided 
at the rear end of the cylindrical housing 7 on to which is bolted a 
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connector arm 9 which, In use, may be secured to a similar assembly of 
parts associated with a second rotor. The assembly Is positioned at the 
outlet end of the pump. 

In use compression work done by the pump results In an axial load 
tending to move the rotors In a direction from the outlet towards the Inlet. 
Where there Is any difference In axial load on the two rotors, the 
connector 9 ensures both rotors are repositioned simultaneously, avoiding 
any Interference which may occur between the rotors should they become 
misaligned with respect to each other. 

i n . a variation of the embodiment- of Figures 1 tor 7rin-place'arthe 

spring mechanism 8 and cylindrical housing 7 there may be provided 
pneumatically controlled pistons. Movement of the pistons may be 
controlled by a controller which may include a force sensor which detects 
the axial load on a given rotor axis and causes a reactive force to be 
applied by means of the pistons. In addition, the controller may be 
configured to allow Independent movement of the pistons and hence the 
rotors for other purposes, for example rotor cleaning. 
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CLAIMS 



1. A screw pump comprising a pair of rotors each carrying an external 
screw thread, the pair of rotors rotatably mounted in a stator and 
arranged such that, in operation, the screw threads of the rotors 
intermesh as the rotors rotate in opposing directions and 
characterised by means for effecting or resisting axial movement of 
the rotors in response to an axial load generated in the rotors 
during operation of the pump. 

2. A screw pump as claimed In claim 1 wherein the means for 
rotatably mounting the rotors In the stator comprise rotary bearings 
which carry a shaft extending from or passing through a rotor and 
the means for effecting or resisting axial movement Include a 
housing in which the rotary bearings are free to move In an axial 
direction and a spring mechanism arranged with respect to a rotor 
such that when the rotor Is subjected to an axial load, the spring 
mechanism compresses or extends causing an axial reactive load, 
whereby to maintain a constant axial position of the rotor over 
time. 

* 

3- A screw pump as claimed jn claim 2 wherein the spring mechanism 
comprises a setting spring positioned In a housing between rotary 
bearings of the rotatably mounting means and an end surface of 
the housing. 

4. A screw pump as claimed in claim 2 or 3 wherein the housing Is a 
cylindrical housing having an end surface extending radially 
inwardly toward the rotor. 

5. A screw pump as claimed in any of claims 2 to 4 wherein the spring 
mechanism is selected such that the maximum axial load to which a 
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rotor ts likely to be subjected does not exceed the elastic limit of 
the spring mechanism. 

6. A screw pump as claimed In claim 1 wherein the means for effecting 
or resisting axial movement include a piston actuatable by a control 
device which control device Is responsive to an Input power and - 
resulting axial load on a rotor to cause the piston to actuate so as 
to reposition or maintain axial position of the rotor. 

7. A screw pump as claimed In any preceding claims wherein the 
means for effecting or resisting axial movement for each rotor are 
connected to one another so as to ensure both _ rotors.,. are 

maintained In the same axial position, 

■ 

8. A screw pump as claimed In any of claims 1 to 6 wherein the means 
for effecting or resisting axial movement for each rotor are operable 
Independently to allow non-synchronous as well as synchronous 
. axial displacement of the rotors. 

9. A screw pump as claimed in any preceding claim wherein the screw 
threads of the rotors have an outside diameter which tapers 
decreaslngly In a direction from the pump inlet to the exhaust of 
the pump. 

10. A screw pump substantially as described herein and with reference 
to the accompanying Figures 1 to 7. 



10/11 '03 10:37 FAX 01293 776837 



FRY HEATH & SFENCE 



-* FAX FILING 



ig uxo/ uxo 



9 

ABSTRACT 
IMPROVEMENTS IN SCREW PUMPS 

A screw pump comprising a pair of rotors 2a, 2b each carrying an 
external screw thread, the pair of rotors rotatably mounted in a stator 1 
and arranged such that, In operation the screw threads of the rotors 
intermesh as the rotors rotate In opposing directions and characterised by 
means 7a, 8a, 7b, 8b for effecting axial movement of the rotors 2a r 2b in 
response to an axial load generated In the rotors during operation of the 
pump. The means for effecting axial movement may, for example, 
comprise a spring mechanism or piston device configured and arranged to 
react to an axial load In a rotor to resist axial movement of the rotor. 

[Fig- 1] 
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